A Utility-Based Evaluation Method on the Perceived Quality of Traffic Service  by Kita, Hideyuki & Kouchi, Akira
Available online at www.sciencedirect.com
1877-0428 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.sbspro.2011.04.501
Procedia Social and Behavioral Sciences 16 (2011) 820–831
6th International Symposium on Highway Capacity and Quality of Service 
Stockholm, Sweden June 28 – July 1, 2011 
A Utility-Based Evaluation Method on the Perceived Quality   
of Traffic Service 
Hideyuki Kita a*, Akira Kouchib ,  
a Department of Civil Engineering, Graduate School of Engineering, University of Kobe, 1-1, Rokkodai-cho, Nada-ku, Kobe, 658-8501, Japan 
b Infrastructural Planning Department, Chodai Co. Ltd., 2-20-6, Shin-machi, Nishi-ku, Osaka, 550-0013, Japan 
 
Abstract 
This study aims to develop a model to estimate a microscopic driving environment from macroscopic traffic condition data, and 
to show a series of methodologies for estimating the quality of traffic service based on a driver’s perception. The proposed 
method consists of three parts. The first part estimates the distributions of speed and headway from macroscopic data, and then 
the second part estimates the point-basis utility as a joint probability of speed and headway. The third part estimates the section-
basis utility from the probability distribution of point-basis utility by using the empirical formula. A fairly good fitness of the 
proposed methods is demonstrated through a case study.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The quality of traffic service is of the major interest to drivers. In order to improve the quality of traffic services, 
it is important to take measures to enhance drivers’ satisfaction in road planning and traffic management. To take 
appropriate measures, a methodology to evaluate road performance based on driver’s perception is needed. It is 
necessary to reveal the structure of a driver’s perception of QOS to clarify the perceived QOS of a driver. 
A great deal of effort has been made on the evaluation of QOS from the viewpoint of driver’s perception, and 
researchers tried to evaluate the perceived QOS considering the perception structure of a driver more than before. 
But little is known about the hierarchical structure of the perceived QOS. Based on the perception structure of a 
driver, there may be a hierarchical structure consisting of point-basis QOS, section-basis QOS, and trip-basis QOS. 
With reference to the QOS while considering the perception structure, Kita (2000) proposed a methodological 
framework for measuring QOS. The basic idea of this framework is that the minimum unit of QOS is to the 
microscopic driving environments, such as relative speed and space headway, within the field of vision surrounding 
the driver at each instance in the road section, and the driver’s perception of the QOS of a particular road section is 
the aggregation of those point-basis QOS. However it is hard to obtain data concerned with microscopic driving 
environments which are the critical elements of the perceived QOS. On the other hand, macroscopic traffic 
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condition variables such as flow rates, which are the aggregated data of microscopic traffic condition variables, can 
be obtained easier from a vehicle detector. It is necessary to capture what kind of microscopic driving environment 
takes place and to what extent, under given macroscopic traffic conditions. However, there are hardly any studies 
available regarding the above, as far as the authors know. 
The purpose of this study is to develop a method to estimate microscopic driving environments from macroscopic 
traffic condition variables, and propose a series of methodologies for measuring the point-basis QOS from 
macroscopic traffic condition variables and the section-basis QOS from the point-basis QOS while following the 
structure of the driver’s perception and the hierarchical structure of QOS. By using the above method, a section-
basis QOS based on driver’s perception can be estimated by obtaining macroscopic traffic condition data while 
considering the perception structure of a driver. 
The organization of this paper is as follows. In section 2, an overview of literature in the field of estimating QOS 
is presented. In section 3, the outline and the basic ideas of a series of methods that comprise the proposed 
methodology are presented. In section 4, a method to estimate microscopic driving environments from macroscopic 
traffic condition variables is presented. In section 5, a model to relate the point-basis perceived QOS with the 
section-basis perceived QOS while considering cognitive biases is developed, and the relationships among the 
probability distributions of utility are examined by a microsimulation. In section 6, the validity of the theoretical 
models presented in this study is examined by using actual traffic condition data obtained from a vehicle detector. 
Section 7 is for conclusions. 
2. Literature Review 
A great deal of effort has been made on the evaluation of QOS from the viewpoint of driver’s perception. As 
space is limited, only an outline of the review is shown here. More information is available in Kita and Kouchi 
(2010). There are some studies which emphasized that the QOS of traffic should be evaluated based on the driver’s 
perception of the microscopic driving environment (Morrall and Werner (1990), Ishibashi et al. (2006)). Some 
studies tried to find a traffic condition variable that showed a rather high correlation to the stated subjective rating of 
the perceived QOS (De Arzoza and McLeod (1993), Flannery and Jovanis (2001)). However, drivers may not 
necessarily evaluate the QOS based on only one traffic condition variable, but may possibly evaluate QOS by jointly 
considering several influencing factors. Some studies pointed out diversity in the driving environment index 
perceived by drivers (Hall et al. (2001), Washburn et al. (2004), Hostovsky et al. (2004), Choocharukul et al. 
(2004)). They differ in content, though. 
These indices of QOS proposed in the studies mentioned above can be related to comfort or speed or safety. 
However comfort, speed and safety are not the QOS itself, but the decision factors of QOS. The driver’s perceived 
QOS may be one that comprehends those factors. It means that the indices proposed in earlier studies may be 
insufficient to substitute for QOS. There are some indices of macroscopic traffic conditions in these studies, but a 
driver can not recognize macroscopic traffic conditions, but only the driving environments within the field of vision 
surrounding them, and the driver may perceive QOS based on these driving environments. As the relationships 
between macroscopic traffic conditions and microscopic driving environments are not mentioned in those studies, 
the relationships between macroscopic traffic conditions and the driver’s perceived QOS are not clarified. 
According to NCHRP-616 (2008), compared with the methods so far, the QOS evaluation method of urban 
streets attaches greater importance to driver’s perception in HCM2010. However, a hierarchical structure of QOS is 
not clarified. Although the evaluation factors in NCHRP-616 (2008) are concerned with the QOS of a short section 
of road, conditions, such as “auto stops per mile”, may influence not only a section-basis QOS that is perceived after 
driving the section, but also the driver’s instantaneous stress while driving. The stress a driver feels at a given 
moment while driving can be recognized as a point-basis QOS based on a driver’s perception. 
In Kahneman et al. (1997), the memory-based approach and the moment-based approach were proposed as 
methods to relate the experienced utility which can be reported in retrospective evaluations of past episodes with the 
“instant utility” which is a measure of hedonic and affective experience derived from immediate reports of current 
subjective experience and is contained in that episode. As for the memory-based approach, it accepts the subject’s 
retrospective evaluations of past episodes, and the total experienced utility of episodes is defined as “remembered 
utility”. Subjective utility belongs to the memory-based approach, and Kahneman et al. (1999) revealed the 
existence of a “peak-end Rule” which describes the way that people remember events by the peak and the end of the 
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experience. Following the Kahneman’s concept of utility, a driver’s subjective evaluations are influenced by 
cognitive biases, and a section-basis QOS may not be an average of the point-basis QOS. It follows from what has 
been said that the hierarchical structure of QOS needs to be clarified. If the hierarchical structure of QOS is revealed, 
we can evaluate QOS irrespective of the length of a section or geometric structures of road. 
Kita (2000) has pointed out the need for a methodology to evaluate QOS measurement models, and proposed a 
methodological framework for measuring QOS that is based on the driver’s perception. As for a point-basis 
evaluation, Kita et al. (2000) correlated driving stress and the traffic conditions surrounding the driver, and proposed 
a model that would estimate the driver’s utility of the microscopic driving environment that the driver is facing. 
Kitajima and Kita (2003) examined the performance of the proposed utility-based model by using the data obtained 
in the experimental driving on an expressway road section. Kita et al. (2005) refined the model by introducing the 
Possibility Index for Collision with Urgent Deceleration (PICUD), an index of rear-end collision risk (Uno et al. 
2003), instead of TTC, Time to Collision. Kita and Kouchi (2010) revealed the existence of the order effect, which 
means that the perception of the QOS at an instance is influenced by an earlier perception and also proposed a model 
that evaluates a section-basis QOS based on an average of point-basis QOS and the worst peak in a series of point-
basis QOS in a section. 
3. Methodology 
3.1. A framework of the methodology for estimating QOS based on the driver’s perception 
Kita and Kouchi (2010) summarized the structures of perception of QOS as follows; (1) drivers are more likely to 
evaluate QOS not only by one traffic condition variable, but by jointly considering several influencing factors, (2) 
the driver’s perceived QOS is based not on the macroscopic traffic conditions, but on the microscopic driving 
environments, which are traffic conditions within the field of vision surrounding the driver, (3) the driver’s 
perception of the QOS of traffic service in the section level may be an aggregated perception of the QOS for the 
local traffic conditions at every point. 
A conceptual framework of the proposed methodology to estimate the QOS based on the driver’s perception from 
Kita and Kouchi (2010) is shown in Fig.1. First of all, we estimate the point-basis perceived QOS, point-basis utility, 
with employing “instant utility model” from a microscopic driving environment surrounding the driver without 
taking into account the influence of order effect. “Instant utility model” is taken up in the next chapter. Then we 
estimate the point-basis perceived utility while taking into account the influence of order effect, which is nothing but 
a point-basis QOS perceived by a driver. The section-basis utility is evaluated by aggregating this point-basis 
perceived utility over points. This is a section-basis QOS perceived by a driver. If we can relate macroscopic traffic 
data with a set of microscopic driving environments that may occur under a given traffic condition, then a section-
basis evaluation to the QOS based on driver’s perception can be estimated by obtaining this macroscopic traffic data. 
 
 
Fig.1 Conceptual structure of the estimation method of the QOS based on driver’s perception 
Macroscopic traffic conditions of a section
Microscopic traffic conditions at each point
Estimation of point-basis evaluation (Not taking order effect into account)
Estimation of point-basis evaluation (Taking order effect into account)
Estimation of section-basis evaluation of a driver
QOS evaluation of a section based on driver’s perception
Instant utility model
Order effect
Aggregation model over space
Distribution of types of drivers, etc. Aggregation model over drivers and trips
QOS perception in the microscopic level
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3.2. A framework of this study 
This study falls into three parts. Fig.2 shows the framework of this study. The first part is an estimation of 
microscopic driving conditions that may occur under a given macroscopic traffic condition. Microscopic driving 
condition data compose the microscopic driving environments that a driver faces. In this study we focus on “speed” 
and “headways” from microscopic driving condition data because these two pieces of data are used in the instant 
utility model. We employ theoretical models which describe the characteristics of microscopic traffic conditions in 
estimating microscopic traffic conditions from macroscopic traffic data. The validation of the methods is examined 
by the consistency between the probability distribution and actual frequency distribution. 
The second part of this study is an estimation of microscopic driving environments and a point-basis utility. As 
microscopic driving environments may be composed of the location and speed of a driver's own vehicle and the 
surrounding vehicles interacting with each other, we can consider the microscopic driving environments as joint 
probability distributions for those microscopic traffic conditions. In this study the marginal variables are headways 
and speed, and we estimate microscopic driving environments by using a “copula” which can deal with the 
dependence structure between each marginal distribution. The validation of the methods based on theoretical models 
is examined by a consistency between the frequency distribution of a point-basis utility from actual data and the 
distribution of point-basis utility from estimated data based on the theoretical models. 
The third part of this study is an estimation of a distribution of section-basis utility from distributions of point-
basis utility and an aggregation model. In this study we revise the aggregation model proposed in Kita and Kouchi 
(2010) by adding new empirical data. To estimate a series of point-basis utility, we have to obtain the data of 
microscopic driving environments in vehicle trajectory, but it is difficult to directly obtain this data. On the other 
hand, we can estimate a distribution of section-basis utility from a distribution of point-basis utility at only one point 
under the simplest case that all distributions of point-basis utility are the same in a particular section. As 
distributions of point-basis utility may be consistent with each other in the steady-state traffic flow, we examine it 
with a microsimulation. After confirming the validity, we estimate a distribution of a section-basis utility, as a 
section-basis QOS, based on a distribution of point-basis utility at a certain point and aggregation model. 
 
 
Pulse data from a vehicle detector
Probability distribution Frequency distribution
Probability distribution Frequency distribution
Probability distribution Frequency distribution
Section-basis utility
Microscopic traffic conditions
Microscopic driving environment
A point-basis utility
Macroscopic traffic condition data Microscopic traffic condition data
Speed distribution model
Headway distribution model
Copula function
Instant utility model
 
 
Fig.2 A framework of this study 
 
4. Evaluation of a Microscopic Driving Environment and a Distribution of Point-Basis Utility 
4.1. Models used in estimating a microscopic driving environment 
4.1.1. Instant utility model 
Kita et al.(2005) and Kita and Kouchi (2010) proposed an “instant utility model” which estimates a point-basis 
QOS perceived by a driver in terms of utility. In this study the model formulae and parameters in Kita and Kouchi 
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(2010) are employed. A driver chooses the most desirable actions under a given driving environment, and tries to 
improve the driving environment through use of these actions. This means that each driver, j, chooses the alternative 
driving action, ai , at the instance, t, with the maximum utility, tjU , 
^ `tjiatj UU imax  (1) 
where, tjiU  is a driver’s utility to each of the four alternatives ai ѮA(i=1,͐,4) , such as maintaining speed, 
acceleration, deceleration, and changing lanes, at time t. This study assumes that the maximum utility tjU    
corresponds to the QOS perceived by a driver at that instant. When the utility of deceleration is the maximum 
among the four alternatives in congestion, for example, deceleration is chosen. However the QOS is not good 
because the utility level of deceleration is low as the gap between desired speed and achieved driving speed is wide. 
Driver’s utility to each of the four alternatives tjiU  is hypothesized as follows. 
H tjitji VU  (2) 
The choice probability tjiP  is obtained by the logit model when H  follows an independent and identical Gumbel 
distribution. Deterministic parts for each action, ai, are expressed in the following formulae. 
t
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where tjiV  is the deterministic parts of point-basis utility taken by the driver j for the driving action ai (i = 1, . . . , 4) 
at time t; tL1  is the PICUD to the closest front side vehicle at time t (m); 
tL2  is the PICUD to the closest rear side 
vehicle at time t (m); ntL1  is the PICUD to the closest front side vehicle in the neighboring lane at time t (m); 
ntL2  is 
the PICUD to the closest rear side vehicle in the neighboring lane at time t (m); 0jv  is the desired speed of the driver 
j (m/s); tjv  is the achieved speed of the driver j at time t (m/s); 
nt
jv  is the achieved speed of the closest front side 
vehicle in the neighboring lane at time t (m/s); v'  is the speed change at time t (m/s); and XPOO ,,, 21  are the 
parameters. tL1  and 
tL2  are assumed to be determined by the choices made by the driver, such as accelerating, 
decelerating, maintaining speed, or changing lanes, and are defined in the following formulae. 
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where tjv  is the achieved speed of the driver j at time t (m/s); 
tv1  is the achieved speed of the closest front side 
vehicle at time t (m/s); tv2  is the achieved speed of the closest rear side vehicle at time t (m/s); 
ntv1  is the achieved 
speed of the closest front side vehicle in the neighboring lane at time t (m/s); ntv2  is the achieved speed of the closest 
rear side vehicle in the neighboring lane at time t (m/s); ts0  is the inter-vehicular distance on the same lane at time t 
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(m); nts0  is the inter-vehicular distance in the neighboring lane at time t (m); t'  is the response time; and a  is the 
degree of deceleration 
Kita and Kouchi (2010) identified the parameters of (3a)-(3d) by using the data concerned with microscopic 
driving environments and driving actions collected from on-road experiments on the expressway. As space is limited, 
only an outline of the data collection procedures in the experiment is shown in this study. As for driving 
environment data, charge coupled device cameras were installed, and data was measured afterward from the video 
data. As for driver’s subjective evaluations of the point-basis QOS, the time interval for evaluation was set every 30 
seconds based on a preliminary study, and a driver evaluated the QOS towards the segment driven for 5 seconds. 
The driver utters the level of “dissatisfaction” about the evaluation segment using an 11-level score. The sample size 
of the point-basis evaluation is 206. Parameters of the model were identified by using the maximum likelihood 
estimation, and the results are shown in table1. This parameter calibration is made fairly well. 
 
Table1. Estimated values of parameters of the instant utility model 
 
 
1L  2L    
Estimated value 0.0110037 0.0221891 -0.0881876 -3.5800911 
t- value 2.981** 6.659** -2.360* -5.212** 
*5% significant **1% significant    =0.35 
 
4.1.2. Speed distribution model and headway distribution model 
Most of the studies indicate that the speed data in uninterrupted flow follow the normal distribution or log-normal 
distribution. In this study we assume speed data follows the normal distribution with two parameters, such as mean 
P  and standard deviationV . 
As for the headway distribution model, previous studies have proposed a lot of models. A joint distribution 
function of speed and headways of the vehicle and the closest front and rear vehicles needs to be estimated, so a 
model should not be too complicated in this study. In this study the best fit model is selected from single statistical 
distribution models, such as lognormal distribution, shifted exponential distribution, and Erlang distribution models. 
4.2. Estimation of a microscopic driving environments 
As is mentioned above in 3.2., we can consider the microscopic driving environments to be a joint probability 
distribution for those microscopic traffic conditions. In this study we employ a “copula” which can deal with the 
dependence structure within each marginal distribution. Let the marginal distribution factions are 
21
, hv FF  , and the 
joint distribution function is ),,( 21 hvF  . The relationships between the marginal functions and the joint distribution 
function are expressed by C, a copula, as follows. 
))(),(),(),(),((),,,( 2120121201 11201 hFhFvFvFvFC hhvv ,v F hh  vvv  (5) 
C is unique when F(࣭) are continuous, and C is defined as the distribution function of a random vector x=(x1,͐ 
x5) with standard uniform marginal distributions. 
))(),(),(),(),((),,,,( 5
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1
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 vvv                              (6) 
 
When numerical analysis is employed, random variables which follow each distribution function and dependence 
structure can be obtained by substituting uniform random variables [0,1] generated from the copula into the inverse 
function of each marginal distribution function. There are some families of copulas in accordance with the 
dependence structure among marginal distributions. The appropriate copula is chosen from four copulas, such as the 
Gaussian copula, the t-copula, the Clayton copula and the Gumbel copula, by examining their validation. 
 
  
P Q
2U
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4.3. Estimation of a distribution of a point-basis utility 
According to the data about the driving actions chosen by a driver in the on-road experiment, the proportion of 
“maintaining speed” was almost 80%. It follows that a driver may choose “maintaining speed” at the outset, and 
choose other driving actions temporarily, such as “acceleration”, “deceleration”, and “changing lanes”, when the 
driver wants to improve his/her driving environment while driving. A point-basis utility should be the maximum 
among the four driving actions, but we can grasp the point-basis QOS approximately from only the utility of 
“maintaining speed” as the representative of a point-basis QOS in this study. PICUD which are input data of the 
model are determined by speeds and space headways, but we cannot obtain data of space headways from a vehicle 
detector. The front side vehicle is assumed to maintain its speed after passing the point to detect traffic conditions, 
and space headway is obtained by multiplying headway to the front side vehicle’s speed (m/s) minus vehicle length 
(m). The vehicle length is assumed to be 4.5m, which is based on an average of the data used in this study. We 
confirmed that there is no significant difference of the expectation value of utility between using the actual length 
and an average length to the front and rear vehicle from the data used in this study. A distribution of a point-basis 
utility is expressed as follows by using random variables which determine the PICUD. 
0220101112120121201 ),,(),,(),,,,(),,,,( vvhvvLhvvLhhvvvghhvvvU d1-1-   P䃚䃚  (7) 
A cumulative distribution function is derived as ),,,,( 2120111 hhvvvgg   , and by change variables 2h  to u. 
 
³ ³ff f
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w
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1
1
1201,,,, ),,,()( 2120 vvv1  (8) 
 
A probability distribution function of a point-basis utility is as follows. 
 
³ ³ff ff

w
w 1201
1
1
1201,,,, ),,,()( 2120 dhdvdvdvghvvvfuf u
g
hhvvvU 1  (9) 
 
 
Although it is possible to derive a probability distribution function theoretically, calculation is too complicated 
because a point-basis utility function is non-linear. A distribution of instant utility is derived numerically by the 
Monte Carlo method. 
5. Estimation of a section-basis utility 
5.1. Aggregation model 
Kita and Kouchi (2010) proposed an aggregation model to relate point-basis perceived QOS and section-basis 
perception. In this study an aggregation model is refined while adding sample data. 
Data of 18 samples collected during an on-road experiment in 2007 were added to the 25 samples in 2006. 
Almost 75% of samples in a section-basis evaluation were worse than the average of the point-basis evaluations. As 
for a section-basis QOS, a driver may anchor their section-basis evaluation to the average, and adjust his/her 
evaluation depending on the extent of the worst situation. The extent of the worst situation can be expressed as the 
deviation from an average. According to cognitive psychology, an evaluation of an episode may be influenced by 
the most impressive moments in memory. An average situation is assumed to be a medium of the best and worst of 
point-basis evaluations in this study. An aggregation model revised and proposed in this study is as follows. 
Parameters are significant at the 1% level.  
diff
po
mid
posaction VVV int2int1 MM   (10) 
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where sectionV is a section-basis evaluation, midpointV  is a medium of the best and worst of point-basis evaluations, 
and diffpointV  is the deviation between midpointV  and the worst of point-basis evaluations. 
 
Table2 Estimated values of parameters 
 
Parameter Estimator (t-value) 
 0.994 ( 10.756) 
 0.370 ( 2.343) 
R2 0.98 
 
5.2. Estimation of a distribution of section-basis utility 
In order to estimate a section-basis utility as a-section-basis perceived QOS, point-basis utility data in the section 
is needed. If the traffic stream is steady-state, the random variables of point-basis utility may be independent and 
identically distributed (IDD), and it means that a distribution of section-basis utility can be estimated from a 
distribution of point-basis utility at the point. To clarify the relationships among each distribution of point-basis 
utility, a simulation analysis is carried out by using VISSIM. When a difference of cumulative traffic volume does 
not change as time goes by, we regard it as the traffic stream being steady-state in this study. The length of the 
simulation network is 5km, the number of lanes is 4, and data collection points are set every 500m. Desired speed is 
distributed from 70km/h to 100km/h randomly. The flow rate is 2000veh/h, and the number of sample is 
176veh/5min. As a result, random variables of a distribution of point-basis utility are IDD, and a distribution of the 
point-basis utility and a distribution of the point-basis utility in vehicle trajectories are also identified of 5% 
significance level. Utility was converted to 11 scales raging from -10 to 0 by using empirical formula identified by 
results of Kita and Kouchi (2010).  
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Fig.3 Distributions of a point-basis utility 
 
It follows that we can regard distributions of point-basis utility as independent in steady-state traffic flow. There 
is room for argument on this point as to what extent traffic flow has a steady-state characteristic; however we 
focused on showing the procedures of estimating a section-basis utility from point-basis utility. Eqs. (11) is a 
rearranged  equation of Eqs. (10). A distribution of section-basis utility is expressed as follows. 
b
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where sectionV is section-basis utility, 
wVpoint  is the worst of point-basis utility in the section, 
bVpoint  is the best of 
point-basis utility in the section, )( sectionVP is the probability of section-basis utility, )(Xf is the probability density 
function of a point-basis utility and n is the number of evaluation points. The probability distribution function of 
section-basis utility indicates that a section-basis utility is getting worse, as the number of evaluation points 
increases. The reason for this phenomenon is that the worst utility is more likely to take the worst and the best utility 
worse 
1M
2M
Vehicle trajectories (n=1584) Point at 2km (n=176) Point at 5km (n=176) 
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is more likely to take the best evaluation, as the number of evaluation points increases, because, as shown in 
Eqs.(11), the best point-basis utility affect the section-basis utility more than the worst one. 
6. Results 
6.1. Data 
A validation of the proposed methodology is verified by using actual pulse data obtained from vehicle detectors 
installed on an intercity highway. A summary of the data is shown in table 3. As for time intervals of data, the 
longer the time interval is, the more traffic flow is influenced by fluctuations. On the other hand, the estimation of 
microscopic driving conditions which determine a point-basis utility requires many sets of data because it is an 
estimation of a 5 dimensional multivariate joint distribution. In this study 55 minutes of data were selected on the 
condition that traffic flow is unsaturated and steady-state. 
 
Table 3 Summary of data 
 
Item Description 
Point evaluated Intercity highway (4 lanes) 
Number of traffic 1,172 veh/55min (passenger car 1,117, heavy vehicle 55) 
Speed average 84.1km/h, standard  deviance 8.0km/h 
Data Obtained passing time(h,min,s), vehicle type, vehicle length(m), lane the vehicle in use, speed(0.1km/h), headway(0.1s) 
6.2. A distribution of a microscopic driving environment 
6.2.1. Speed distribution and headway distribution 
Speeds are assumed to follow a normal distribution function in this study. The average of speeds ȝ is 84.09, and 
the standard deviance ı is 7.98 from the results of the aggregated pulse data.  
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Fig.4 shows an overlapping of the probability distribution based on theoretical model and actual frequency 
distribution of speeds from pulse data. According to the result from the chi-square test, the probability distribution 
of speeds based on theoretical model can represent the actual frequency distribution in the significance level of 1 %. 
The actual frequency distribution of headways was compared with the probability distribution of lognormal 
distribution, shifted exponential distribution, and Erlang distribution models, and the result indicates that a 
lognormal distribution model had the best fit with the actual frequency distribution of headways. Therefore, 
headways are assumed to follow a lognormal distribution function in this study. The model parameter O  is 0.89, and 
[  is 0.52 from the results of the aggregated pulse data.  
»»¼
º
««¬
ª
¸¸¹
·
¨¨©
§  
2
89.0ln
2
1exp
)52.0(2
1)( ]S
hhf h
 (14) 
Hideyuki Kita and Akira Kouchi / Procedia Social and Behavioral Sciences 16 (2011) 820–831 829
Fig.5 shows an overlapping of the probability distribution based on a theoretical model and actual frequency 
distribution of headways from pulse data. According to the result from the chi-square test, the probability 
distribution of headways based on a theoretical model can represent the actual frequency distribution in the 
significance level of 1 %. 
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Fig.4 Distribution of speeds Fig.5 Distribution of headways 
6.2.2. Distribution of a point-basis utility 
Microscopic driving environments are estimated by using a copula. Model parameters of four copulas, such as 
the Gaussian copula, the t-copula, the Clayton copula and the Gumbel copula, were estimated by using the 
maximum likelihood estimation, and the t-copula was selected according to the AIC. The relationship between the 
marginal functions and the joint distribution function is expressed by the t-copula, C, as follows. 
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where v1, v0, v2, h1, h2  are random variables, C is the t-copula,  6;,Znt  is a 5 dimensional distribution function with 
correlation matrix Ȉ, and  1Zt  is an inverse function of a t distribution with the number of degrees of freedom Ȱ. 
Parameters of the model are shown in table 4. 
 
Table 4. Estimated values of parameters of the t-copula 
 
 v1 v0 v2 h1 h2 
v1 1 0.779 0.646 0.214 0.182 
v0 0.779 1 0.780 0.159 0.217 
v2 0.646 0.780 1 0.075 0.170 
h1 0.214 0.159 0.075 1 0.066 
h2 0.182 0.217 0.170 0.066 1 
degrees of freedom 㸻12 
 
The microscopic driving environment generated 10,000 patterns using the t-copula. A distribution of a point-
basis evaluation is derived from the generated microscopic driving environment data and the instant utility model. 
Desired speed is also one of the independent variables of the instant utility model, but it is difficult to obtain and 
estimate the data. Desired speed is assumed to be 100km/h in this study, which is the same as the speed limit, and it 
is equivalent to 95% of the speeds of the samples. Fig.6 shows an overlapping of the probability distribution based 
on theoretical models and actual frequency distribution of point-basis utility from the pulse data. According to the 
result from the chi-square test, the probability distribution of point-basis utility based on theoretical model can 
represent the actual frequency distribution in the significance level of 5 %. 
6.2.3. Distribution of a section-basis utility 
Traffic stream is assumed to be steady state, and all random variables of distributions of point-basis utility are 
also assumed to be IDD in this study. Distribution of a section-basis utility derived from the estimated distribution 
of point-basis utility and equation (12) is shown in Fig.7. The number of evaluation point is assumed to be two. The 
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distribution of section-basis utility is shifted to worse than that of point-basis utility, because there may be cognitive 
biases in subjective evaluations based on human memory. 
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Fig.6 Distribution of point-basis utility Fig.7 Distribution of point-basis utility and section-basis utility 
7. Conclusions 
This study developed a series of methodologies to estimate the perceived QOS of a driver based on the structure 
of perception from macroscopic traffic condition data. The two methods which are significant to take the perception 
structure of a driver into consideration are proposed in this study. 
The first is the methodology for estimating a microscopic driving environment from macroscopic traffic 
condition data. A probability distribution of microscopic traffic condition data, such as speed and headway, is 
estimated from macroscopic traffic condition data, and then a microscopic driving environment, as a joint 
distribution of microscopic traffic condition data, is estimated by using the t-copula. Since microscopic driving 
environment is a decision factor of the perceived QOS, it is concluded that clarifying the relationship between the 
macroscopic traffic condition and the microscopic driving environment will advance the discussion about the 
relationship between the macroscopic traffic conditions and the QOS perceived by a driver significantly. 
The second is the methodology for estimating a distribution of section-basis utility from a distribution of point-
basis utility. Little attention has been given to the hierarchical structure of the perceived QOS. Even though the data 
analysis is very limited, the result of this research gives an opportunity to promote discussion about an estimation of 
a section-basis perceived QOS when the length of the evaluated section is different. 
Kitajima and Kita (2003) revealed the existence of order effect in the evaluation of section-basis QOS, and the 
methodology proposed in this study can estimate a section-basis QOS while considering the influence of order effect 
combined with the models of cognitive biases. The models which have been proposed in previous studies don’t take 
that driver’s cognitive bias into consideration. 
Because this study assumed simple conditions to focus on, in order to show a series of methodology, there remain 
some concerns. The traffic stream is assumed to be in steady-state, but we have to verify whether we can estimate a 
microscopic driving environment and a point-basis utility under non-steady-state traffic flow. As traffic conditions 
vary with time in non-steady-state traffic flow, we can estimate the QOS in non-steady state conditions by 
considering time-varying traffic conditions. Our study indicates that the keys to evaluating the QOS in non-steady 
state conditions are how we set time intervals and how we aggregate the QOS of each time interval. An existence of 
cognitive biases in the perceived QOS is revealed in this study, and the key to cognitive biases is human memory. A 
discussion on human memory may be needed to estimate the perceived QOS based on the perception structure. 
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